INTRODUCTION
Cowden syndrome (CS) is a rare autosomal dominant multiple hamartoma syndrome but is the most common phosphatase and tensin homolog (PTEN) hamartomatous tumor syndromes, which includes Bannayan-Riley-Ruvalcaba syndrome, Proteus syndrome and Proteus-like syndrome 1, 2 . Most CS cases are caused by mutations in the tumor suppressor gene PTEN and are characterized by multiple hamartomas in various organs and mucocutaneous alterations 1 . The risk of malignancy increases with cellular proliferation of all three embryonic germ cell lines 3 . Moreover, breast, colon and thyroid cancers are commonly associated with CS 4 .
Here, we report a case of CS presenting as a single mucocutaneous lesion of late-onset oral papillomatosis with a novel germline PTEN mutation.
CASE REPORT
A 53-year-old woman presented with multiple papules on the lower gums. This lesion developed one year earlier and spread over the gingiva. The patient had an unremarkable medical history until she underwent hysterectomy owing to uterine myoma 10 years earlier. Five years earlier, she was diagnosed with multinodular goiter. Then, 4 years ago, she was diagnosed with invasive apocrine-type ductal carcinoma of intermediate grade (score 7) in her left breast. Asymptomatic hamartomatous hyperplasia was subsequently found in her right cerebellum on brain magnetic resonance imaging (Fig. 1) . She had never taken medications that could induce gum hypertrophy, such as cyclosporine, phenytoin, calcium channel blockers, etc. She had no family history of malignancy or genetic disorders. Physical examination showed multiple 2 to 7 mm skincolored papules on the lower gums and adjacent gingiva, giving a cobblestone-like appearance ( Fig. 2A) . Histological examination of the papule on the lower gums revealed fibroepithelial hyperplasia with prominent inflammatory cell infiltration ( Fig. 2B ; H&E, ×40). There were no other remarkable dermatological findings on the face or body.
The patient was referred to the Department of Gastroenterology to screen for the involvement of gastrointestinal systems. Upper gastrointestinal endoscopy and colonoscopy revealed multiple polyps in the gastric mucosa and rectum as well as around the ileocecal valve (Fig. 3 ).
Genetic examination
A peripheral blood sample was obtained from the patient after she provided informed consent. Genetic analysis by direct sequencing of all nine exons of the PTEN gene and their flanking regions was performed as described previously 5 . Primers for the amplification of exon 9 were designed for this study. Sequence variation was described according to the recommendations of the Human Genome Variation Society (http://www.hgvs.org/mutnomen/) using a cDNA reference sequence (NM.000314.4). Sequence analysis revealed a heterozygous mutation, c.987_ 990delTAAA, in exon 8 (Fig. 4) . This four-nucleotide dele- tion (p.N329fs*14) in the C2 domain of PTEN protein is predicted to lead to a frame shift at amino acid position 329, resulting in premature translation termination at the 14th position from the altered site.
DISCUSSION
CS was first reported in 1963 by Lloyd and Dennis 3 and is named after a patient who presented with multiple hamartomas, fibrocystic breast disease, central nervous system disease, and unusual skin lesions. It is the most common PTEN hamartomatous tumor syndrome caused by PTEN mutation 1 . PTEN, also known as MMAC1 or TEP1 6, 7 , is a tumor-suppressor gene that maps to 10q22∼ 23 8 . It encodes a dual-function phosphatase whose substrate is phosphatidylinositol, which is a phospholipid in the phosphatidylinositol 3-kinase pathway that shares homology with the adhesion molecules tensin and auxilin 6, 7, 9 . Using both protein and lipid substrates, it regulates cell cycling, cellular growth, proliferation, and angiogenesis 10 .
Although hamartomas can develop in almost all organs, they predominantly occur in the skin and gastrointestinal system in CS; The gastrointestinal system is involved in 70% to 85% of patients with CS. Polyps usually smaller than 5 mm occur predominantly in the esophagus, stomach, and colorectal structures but not the small intestine 1 .
Mucocutaneous lesions are present in 90% to 100% of CS cases 2 . Oral papillomatosis is an important clinical manifestation for diagnosis and is usually located in the buccal and gingival mucosa where lesions coalesce and produce a cobblestone-like appearance. A histopathological feature of oral papillomatosis is inflammatory fibroepithelial hyperplasia 10 , which present in the case reported herein.
Multiple hamartomas can also affect the bones, eyes, genitourinary tract and central nervous system 1 . LhermitteDuclos disease is a central nervous system disorder characterized by progressive hamartomatous enlargement of the cerebellum, as in the present case, which meets the pathognomonic criteria for the diagnosis of CS 2,11 .
The diagnostic criteria for CS were first proposed in 1996 by the International Cowden Syndrome Consortium and were revised in 2008 by the National Comprehensive Cancer Network 12 . They are based on the clinical manifestations and divided into pathognomonic, major and minor criteria. Pathognomonic lesions include adult-onset Lhermitte-Duclos disease, facial trichilemmomas, acral keratoses, and papillomatous lesions. Major criteria include breast cancer, thyroid cancer (i.e., papillary or follicular), macrocephaly, and endometrial cancer. Minor criteria include other structural thyroid lesions (e.g., adenoma and multinodular goiter), mental retardation, gastrointestinal hamartomas, fibrocystic disease of the breasts, lipomas, fibromas, genitourinary tumors, genitourinary structural malformations, and uterine fibroids. Diagnosis can be established when the patient meets any four of the criteria as suggested in the revised diagnostic criteria 12 .
The present patient presented with papillomatous papules in the oral cavity, breast cancer, multinodular goiter, hamartomatous hypertrophy of the cerebellum, uterine myoma and hamartomas in the gastrointestinal system; thus, the case met two pathognomonic criteria, one major criterion and three minor criteria. Therefore, the patient was diagnosed with CS according to the National Comprehensive Cancer Network criteria. Moreover, the molecular diagnosis of a germline PTEN mutation was established by direct PTEN sequencing, which revealed a C987-990-delTAAA frameshift mutation; this mutation has been reported as a somatic mutation in endometrial cancer and brain tumor tissues [13] [14] [15] . As a germline mutation, Marsh et al. 16 report one case of this mutation in a BannayanRiley-Ruvalcaba/CS overlap family. However, the present case is thought to be the first case in a patient with pure CS.
Because mucocutaneous manifestations of CS are commonly observed among the general population 2 and usually precede the development of neoplastic processes 10, 17 , recognizing cases that involves only mucocutaneous le-sions can be challenging. However, in the present case, oral papillomatosis developed after the involvement of other organs. This late-onset mucocutaneous lesion made it easy to recognize CS and enabled the immediate surveillance of other unaffected organs, such as endoscopic evaluation of the gastrointestinal system. In addition, unlike the usual presentation of CS, in which papillomatous or lichenoid papules mainly develop in the maxillofacial area, neck, backs of the hands, and forearms 18 , the present patient presented with a solitary mucocutaneous lesion as fibropapillomatosis of the oral mucosa. CS could not be considered in the differential diagnosis if the patient had no other manifestation of hamartomatous hyperplasia. Considering that oral papillomatosis can be the single mucocutaneous lesion in CS, as in this case, a multidisciplinary approach involving history taking and histopathological examination is necessary to differentiate CS from other conditions. CS is rare hamartomatous syndrome in which malignancies can developed in multiple organs. Mucocutaneous lesions are found in the overwhelming majority of patients with CS and almost always appear before the initiation of neoplastic processes 10 . Therefore, recognizing benign manifestations is critical when diagnosing CS 10 .
The present case exhibited an unusual clinical course in which oral papillomatosis occurred after the other fatal involvements of CS. This suggests the absence of a benign skin lesion cannot be used to exclude a diagnosis of CS. Furthermore, direct sequencing revealed a C987-990del-TAAA frameshift mutation of the PTEN gene, which has never been reported in a patient with pure CS. Therefore, further studies are needed to clarify the association between the course of CS and the specific type of PTEN mutation.
